@ EJIEKTPUNYHE MAWWWHE HA BO3SUJTMMA

3. ENEKTPOINOKPETAYU-CTAPTEPU
PA3BOJ CTAPTEPA

- 1886. — Karl Benc — naTeHTMpao MOTOPHO BO3WUIO ca
OEH3UHCKMM MOTOPOM,;

- 1888. — Berta Benc — npBo nytoBawe y UCTOPUU
ayTomobununama,

- 1910. — yBefieH je nNpBuM ONOBHU aKymMynaTop;

- 1913. — npBu enekTpnyHKN ctapTtep dpmnpmp Bosch;
- 1950. — ayTomart ca enekTu4H1UM pernejom;

- 1980. — cTapTepu ca ctanHMM MarHeTmma,

- 1982. — ctaptepu ca MehynpeHOCHUKOM.
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PA3BOJ CTAPTEPA

Fig. 2
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Starter motor
Planetary gear
Freewheel
Magnetic brake



@ Operating sequence of the starter motor
)

(1) Resting position

dPa3e papa
cTaprtepa

g e L

1 Ignition / 5 Pinion-engaging lever
starter switch 6 Roller-type overrunning clutch

2 Solenoid switch 7 Pinion
3 Retum spring 8 Battery
4 Excitation winding, 9 Armature
series winding
(2) Pinion tooth meets gap (3 Pinion tooth meets tooth

© UMS0682-1E
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CTAPTOBAHKE MOTOPA CYC
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da3e papa ctapTepa

Phases of the starting sequence (schematic)
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Fig. 3
Ms Starter-motor torque
Mg Engine drag

P Power
I  Current
__n Engine speed
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TemnepaTypHa 3aBUCHOCT MOMeHaTa

Dependence of available starter-motor torque and engine torque requirement on temperature
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Fig. 4

1

1a

1b

2a

2b

Starter-motor torque
Ms (available torque)
measure using
battery with rating
of 64 Ah 380 A,

PE 20%

At -20°C
Up=109V

Ri=4.5 mQ

Ry = 1.3 mQ

At -24°C
Uo=10.6V

R =5.6 mQ

Ry =13 mQ
Engine drag My
(torque requirement)
At —24°C,

engine oil
SAE10W40

At —20°C,

engine oll
SAE10W40
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[‘paHUYHa TeMnepaTypa cTapToBama

Minimum starting temperature Fig. 5
tc Minimum starting
mpm temperature
180 ns Engine speed
achieved by starting
system
. _'; nv  Minimum speed
§_ required for starting
e
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Minimum starting temperatures

’ Type of éngine. -
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Fig. 1
Stator housing

Armature winding

Laminated core

Permanent magnets

Carbon brushes

Commutator
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Stgrter-motor malrj circuit | Fig.2

A Y

R, Internal impedance

-—-L—> . . » of battery
R, e Roern P21 Rs . Rs Starter-motor
" impedance
Roermn Power-cable
U | impedance
U. No-load voltage of
P . | ‘ battery
@D - | Uk ' U Uk Battery-terminal
T & ) . | voltage

Us Starter-motor voltage

@ Upr Voltage drop across
brushes

Uing Induced voltage in

armature winding

O -
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OOGpPTHM MOMEHT U CHara ctaptepa

M=g Bl d-, B 1

Una=2-7"¢cy* B lped-n,

U.=(R+ Rperm + Rg) - I+ Up + Uing

UL=(Ri+ Roem + Rs) + I+ Up, +
2.7 B:leedn,

i UL—Ubr—(R;'i'Rperm‘FRs)'I
L L hhed At
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OOGpPTHM MOMEHT U CHara ctaptepa

Pi=2-7r-M-n

= o (U= Usy) - I~ (Ri+ Roem+ Rs) B
Eq.3

(Ri+Rperm+RS) Je s

Pn=P, - Vr-Vk

13
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BPCTE NOBY[OE

[NoObyna oa ctanHMX marHeTta

Stator housing with permanent magnets

Fig. 3
1 Permanent magnets
2  Stator housing

| @ UMS0892-1Y
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PegHa nobyaa

| _ Stator housing with excitation windings ,:U Characteristics of series-wound motor (schematic)

W pm Nm 7V
L P
10 =110
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1 Pole shoes y
: . 1 . oL 0 0 JO 5
2 Excitation winding 0 200 400 600 A 800 e
Current / ;

3 Stator housing
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[Nlobypa oa ctanHMX marHeTa u ca
MarHeTHO-NMPOBOAHUM yMeLuuma

Stator housing with permanent magnets
and flux concentrators

Fig. 8

1 Permanent magnets
2  Flux concentrators
3 Stator housing

€ UMS0263-1Y

Power P

Characteristics of permanent-magnet motor with flux concentrators
(schematic, effect of flux concentrators exaggerated for purposes of illustration)
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MewoButa nobyaa

Characteristics of compound motor (schematic)
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OUWPEKTHU CTAPTEPU U
CA ME'FJYI'IPEHOCHVIKOM

L R N N M AI IS  PAAL D T  P EBTRINN  N N
¥

o ,./(,nfu P PN LI AAAT
4._{! ‘("

{M, Prmcnple of planetary gear

’&'J?.zu“w- PP P ST RSPTS—

Starter motor reductlon gear

0003-1Y

Fig. 10
-1 Planet gear

Number of teeth on internal gear

2 Sun gear

3 Internal gear Number of teeth on sun gear 18
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.

4 aliaia =
é’ﬂ? . Solenoid switch
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. 12
Solenoid armature
Pull-in winding
Hold-in winding
Solenoid core
Contact spring
Switch contacts
Electrical connection
Switch contact
Armature shaft (split)
Return spring

B B I i i P GG

@ Solenoid-switch circuit

P8 8 e e e

3
* ﬁ
Term. 50
Term. 30 :
1 Term. 45 4a | 4b
2
Fig. 13
1 Battery
2 Starter motor
3 lIgnition/starter switch
4 Solenoid switch
4a Pull-in winding
19

4bHold-in winding

. © UMSO71SE
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3awTnTa KoTBe pereja

. Solenoid switch with rubber-boot seal Fig. 14

1 Solenoid switch
2 Rubber boot

20
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CNOJHUUE CA MEXAHU3MOM 3A
MPOKIMN3ABAKE

CnojHuua ca
pornepuma

Fig. 15

1
2
3

N O O b

Cap

Pinion

Driver and
clutch shell
Roller race
Cylindrical roller
Pinion shaft
Springs

Direction of rotation
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CnojHuua ca namenama

Explanation of Figure 16:

Multiplate overrunning clutch

- aResting position

. Disc spring compresses laminated core with initial force.

_ Transmission of drive to clutch race ensured by frictional effect.
b Transmission of drive
Pinion engaged.
Clutch race presses against disc spring.

Compression increases.

Laminated core fully locked.

¢ Torque limitation

Clutch race presses disc spring against collar.

Forces in equilibrium at design rating.
Plates slip if design rating exceeded.

d Overrunning

Direction of force transmission reversed.

Clutch race runs up against stop ring, thus relieving plate
pressure/disengaging drive.

7 Helical spline on

Fig. 16
1 Driver flange
2 Disc spring
3 Laminated core
4  Clutch race
3 5 Stop ring
@ 6 Stopcollaron
§ output shaft
s
®

output shaft 29



EJNNEKTPUYHE MAWWHE HA BO3SUJTMMA

CnojHuua ca YeOHUM 3ynuuma

. Radialtooth overrunning clutch (resting position)

Fig. 17
1 Pinion
2  Flyweights

3 Internally tapered

thrust ring
4  Clutch race with
spur gearing

5 Spring
6 Rubber bumper
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